Fertilizers are one of the costly inputs in agriculture and development of nutrient efficient fertilizers is need of the hour. Keeping in view of the above, slow release coated urea fertilizers are developed and the N loss from different coated urea fertilizers in a Vertisol was studied in comparison with normal urea. The coated fertilizers used were neem, 4% pine oleoresin (POR), 35% nano-rock phosphate and 2% nano-ZnO coated urea. In later two cases nanoparticles were loaded over 4% POR coated urea during preparation. Application of coated urea fertilizers such as neem coated urea and pine oleoresin coated urea in a Vertisol reduced the ammonia volatilization by 27.5% and 41.1%, respectively. Similarly, reduction of NO 3 -N leaching due to application of neem, resin, nano-rock phosphate and nano-ZnO coated urea were 18.3%, 28.0%, 25.7% and 35.1%, respectively. The reduction of N volatilization and leaching losses imparted by coated urea fertilizers could be a viable N source for crops. However field level validation experiments have to be carried out to assess the efficacy of these coated fertilizers in enhancing crop yield and nutrient use efficiency.
Introduction
Nitrogen is one of the important primary nutrients for crop production. Indian soils particularly black soils of central India are generally low in available N (less than 125 mg kg -1 soil) due to poor organic matter content and high temperature. Due to low availability and easy loss/escape of N from soil, external supply of N is vital for crop production and is being practiced across the world from long back.
Among the nitrogenous fertilizers, urea is the most commonly used fertilizer in India and about 30.6 million metric tonnes (MMT) of urea is currently consumed which accounts 83% of total N fertilizer consumption in the country (IFA, 2015) . Efficient use of nitrogen is absolutely essential for sustaining agriculture productivity as well as acting as a driving force for climate mitigation. Because of strong interrelationship among N uses, climate change and food security, there is an urgent need to search possibilities to increase N use efficiency under crop production. However, the N use efficiency of conventional chemical fertilizers is as low as 30 to 35% (Galloway and Cowling, 2002; Ladha et al., 2005) . Therefore, improving N use efficiency of the fertilizers will be a major challenge.
In this connection, coating of urea is considered as one of the promising technologies and may act as efficient slow release N fertilizers (Dong et al., 2016) .
Previously, a lot of research work was done to test a number of coating material, containing urease and nitrification inhibitors, biodegradable polymers, and other polymers (Farmaha and Sims, 2013) ; but high cost and potent risks limit their field applications (Prasad, 2005; Prasad et al., 2007; Sivasakthy and Gnanavelrajah, 2012) . However, currently only neem oil coated urea (NCU) is being manufactured and utilized in the country (Prasad, 2005) due to its low production cost. Still there is a possibility and scope for finding efficient naturally available cost effective coating materials for enhancing NUE. Keeping all the above in mind, the protocol has been developed to coat the urea with pine oleoresin (POR) (Kundu et al., 2013) . Pine oleoresinis commercially extracted from pine tree (Pinus roxburghii) and is having empirical formula pimaric acid (C 20 H 30 O 2 ). The natural POR contains four resin acids, namely, levopimaric acid (22%), palustric acid (11%), Iabietic acid (10%) and neoabietic acid (15%). These acids are having antimicrobial properties. Coating urea with POR provides a physical barrier for slow release of N from urea may inhibit urease activity through antibacterial properties and may also reduce volatilization loss by acidifying alkaline micro-sites in soil (Kundu et al., 2013) . All these above processes may contribute to the availability of N to the plants from POR coated urea. However, there is no any systemic data on N losses; uptake and use efficiency by plants under POR coated urea applications. Further, the detailed mechanisms and scientific information is lacking in regards with the behavior of the POR in soil and N losses through ammonia volatilization and leaching. Therefore, in the current investigation, it is aimed to study the N losses through ammonia volatilization and nitrate leaching from different coated urea fertilizers applied to soil.
Materials and Methods

Soil collection and processing
The experimental soil Vertisol (black cotton soil) was Table 1 .
Coated urea fertilizers used in the experiment
The coated urea fertilizers used in the experiments were NCU, RCU, nano-ZnO (2%) coated urea, and nano-rock phosphate (35%) coated urea. The RCU was prepared using 4% crude POR dissolved in commercial petrol. Similarly, nano-ZnO and rock phosphate coated fertilizers were prepared by over coating these materials on RCU (Kundu et al., 2016) . NanoZnO (<100 nm) was obtained from Sigma-Aldrich and nano-RP (<48.6 nm) was prepared from Udaipur RP (34% P2O5) using a high energy ball-mill.The nutritional composition of the fertilizer materials used in the study is given in Table 2 . Where, T and C represents treated and control soil, respectively.
Statistical analysis
The data pertaining to volatilization and leaching losses of N had been instructed to statistical analysis adopting completely randomized block design (CRD) (Panse and Sukhatme, 1967) . One-way analysis of variance (ANOVA) was done using statistical package SPSS version 9.1.6.3. Further the significant difference between treatments means were compared with critical differences at 5% confidence level. Invariable to N sources, after third day there was significant increment in volatilization rate and attained maximum at 5 th and 6 th day and there after followed the declining trend. The rate of ammonia volatilization was highest for normal urea applied soils from day one to 7 th day and 8-10 th day NCU applied soils had the highest ammonia volatilization rate. In initial stages (upto 7 days) ammonia volatilization was higher in normal urea applied soil and thereafter coated urea fertilizers applied treatments had the higher volatilization. Further the cumulative ammonia volatilization loss at different time has been displayed in Figure 1 .
Results
Volatilization loss of N
The total amount of NH 3 -N volatilized from normal urea, NCU and RCU after 240 h was 82.4, 62.5 and 52.6 mg N pot -1 , respectively and were significantly differ from each other. The percent of NH 3 -N volatilized from applied N under these treatments were 32.9%, 23.9% and 19.4%, respectively (Table 3) . Further application of POR as solution along with normal urea also showed NH 3 -N volatilization loss of 66.4 mg N pot -1 (25.7% N loss from applied N). (Table 4) . Table 4 . Leaching loss of N in the form of NO 3 -N from different N sources applied to a Vertisol 
Discussion
Ammonia volatilization in coated urea fertilizers applied treatments were significantly lower than that of normal urea applied treatments. The findings were in concurrence with results reported by many workers (Kundu et al., 2013; Junejo et al., 2012; Junejo et al., 2011; Wang et al., 2007) . Among the coated fertilizer, RCU reduced significantly low NH 3 -N loss than the NCU. This might be due to slow release of N from coated urea fertilizers because it might have acted as physical barrier. Further, the antimicrobial properties and microsite pH changes due to POR caused the reduction in urea hydrolysis by inhibiting urease-producing microbes (Junejo et al., 2012; Kundu et al., 2013) . Also it was demonstrated that time required for hydrolysis of 90% of the applied urea had markedly increased from 88.56 to 328.94 h in the presence of pine oleoresin (Kundu et al., 2013) . Moreover, presence of phenolic compounds and aromatic ketones in POR might have reduced the enzyme-substrate reaction rate by binding with the urease (Patra and Jain, 1993; Ghosh et al., 2002) . The percent reduction in volatilization loss from NCU, RCU and urea+ POR applied soil over normal urea applied soil was 24.2%, 36.2%, and 19.3%, respectively (Figure 3 ). In case of neem coated urea, alkaloid present in the neem oil might have inhibited the urease producing microbial activities resulted in low urea hydrolysis rate reduced the NH 3 -N loss (Prasad et al., 2007 , Prasad et al., 2001 Suri et al., 2000) . The ammonia volatilization from applied fertilizers for initial two days was very low and then increase from third day to seventh day there after it was decreased. This might be due to conversion of urea to ammonia might have taken two days. However in all the stages rate of NH 3 -N loss from coated urea fertilizers were lower than that of normal urea.
Application of the different coated urea fertilizers in a
Vertisol has significantly reduced the nitrate leaching losses than the normal urea in this study. Due to the hydrophobic nature and the antimicrobial properties of POR (Kundu et al., 2013) and neem oil (Baboo, 2014; Singh, 2016) , coated ureas were slowly dissolved and was gradually mineralized by microbes.
Similarly, coating phosphate fertilizers with organic acids improved P availability and maize yield (Teixeira et al., 2016) . The trend of nitrate leaching from different N sources applied to soil was observed as follow: nano-ZnO coated urea< rock phosphate coated urea<RCU< NCU< normal urea. The percent reduction in nitrate leaching from different coated urea fertilizer when compared to normal urea depicted in Figure 4 . The reduction in NO 3 -N leaching due to neem, resin, rock phosphate and nano-ZnO coatings were 18.3%, 28.0%, 25.7% and 35.1%, respectively.
The lowest leaching losses from nano-ZnO coated urea might be antimicrobial properties of nano-ZnO particles (Espitia et al., 2012; Singh and Nanda, 2013) that might have influenced the microbial activities that resulted in a reduction of the rates of urea hydrolysis and nitrification processes. Several researchers reported the antibacterial activities of nano-ZnO over a wide spectrum of bacterial species (Buzea et al., 2007; Nair et al., 2011; Raghupathi et al., 2011) . Importance of particle size, morphology and concentration of ZnO nanoparticles in enhancing the antimicrobial properties had also been reported (Sirelkhatim et al., 2015) . However, this was beyond the scope of the current investigation and might be studied further. Similarly low nitrate leaching from RP coated urea could be due to enlarged coating over POR that acted as a physical barrier that reduced the release and availability of N for microbes. Also, the presence of high concentration of RP nanoparticles might have enhanced the interaction and reactivity of these particles with microbes preventing microbial activities and microbial-mediated nitrification process (Kundu et al., 2016) . Further coated fertilizers could enhance the nutrient availability and yield of crops (Dong et al., 2016) and improve water use efficiency of production system (Zhang et al., 2017) by their slow releasing capacity and prolonging the duration of available nutrients in soil.
Conclusions
Application of coated urea fertilizers significantly reduced the N losses through ammonia volatilization and nitrate leaching. Therefore, the reduction of N losses, imparted by coated urea fertilizers could be a viable N source for crops. Moreover,it indicates that resin coated urea could be a good alternative N source against neem oil coated urea that is largely in practice in India at present. However field level validation experiments have to be carried out to assess the efficacy of these coated fertilizers in enhancing crop yield and nutrient use efficiency before familiarizing to farming community.
